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We report an universal behaviour of hopping
transport in strongly interacting mesoscopic two-
dimensional electron systems (2DES). In a cer-
tain window of background disorder, the resis-
tivity at low perpendicular magnetic fields fol-
lows the expected relation ρ(B⊥) = ρB exp(αB2⊥).
The prefactor ρB decreases exponentially with in-
creasing electron density but saturates to a finite
value at higher densities. Strikingly, this value is
found to be universal when expressed in terms of
absolute resistance and and shows quantisation
at RB ≈ h/e2 and RB ≈ 1/2 h/e2. We suggest a
strongly correlated electronic phase as a possible
explanation.
INTRODUCTION
Transport in 2DES in a regime where both disorder
and electron-electron interactions are strong is still not
well understood. Mesoscopic 2DES in modulation doped
GaAs/AlGaAs heterojunctions are an ideal system for
the investigation of this regime since they allow for a con-
trol of disorder strength by varying the spacer width δsp
between 2DES and the charged dopants, while largely
overcoming the problem of long-range charge inhomo-
geneities that often dominate transport on a macroscopic
length scale [1, 2]. Here, we present results of extensive
magnetoresistance (MR) measurements in hopping trans-
port in mesoscopic 2DES of varying disorder strength.
Sample details and experimental techniques are described
in Refs. [1, 2].
RESULTS AND DISCUSSION
In the strongly localised regime of 2DES, transport is
assumed to occur by phonon assisted tunnelling of elec-
trons between trap sites arising from the background dis-
order potential. The compression of the wave function
in a weak perpendicular magnetic field leads to a MR
ρ(T,B) = ρB(T ) exp(αB2) [3]. Recently, investigations
of the exponent α in mesoscopic 2DES in modulation-
doped GaAs/AlGaAs heterojunctions revealed an uni-
versal behaviour [1, 2]: The average hopping distance rij
appeared to be determined only by the electron density
ns and, assuming a localisation length ξ = a∗B (the ef-
fective Bohr radius), it was found to follow the relation
rij ≈ ree ∼= 1/√ns (ree the average electron-electron sep-
aration) independent of background disorder. An alter-
native interpretation of these results has been suggested
in form of tunnelling between electron droplets [4].
In this article, we focus on the behaviour of the prefac-
tor ρB and show that it confirms the findings described
above, but also raises further questions. ρB was deter-
mined by fitting the MR expression given above to the
data (see Refs. [1, 2] for details). In case of nearest-
neighbour hopping, the prefactor behaves as [3]
ρB = ρ0 exp(Et/kBT ) exp(2rij/ξ). (1)
This relation allows for an independent verification of the
findings ξ = a∗B and rij ≈ ree. Indeed, as Fig. 1 shows,
the expression ρB ∝ exp(2ree/a∗B) agrees with the ex-
perimental data at low electron densities. However, at
higher ns, a deviation from this exponential behaviour is
observed for all devices with a saturation of ρB at a value
of order h/e2. In fact, the saturation value turns out to
be universal for all devices when expressed in terms of
absolute resistance R = ρ × L/W (L the length, W the
width of the gate) and form plateaux at RB ≈ h/e2 and
h/2e2. This is shown in Fig. 2 a), for devices from four
different wafers with spacer width varying from 20 nm to
60 nm. Figs. 2 b) and c) directly compare a set of three
devices from the same wafer but with different gate di-
mensions and, hence, ratios between ρB and RB. They
clearly confirm that the saturation is, indeed, universal
in resistance rather than resistivity. Eq. 1 predicts an
exponential temperature dependence of ρB and, hence,
RB. However, we observe a virtually temperature inde-
pendent prefactor from T=300 mK to 1.2 K, as shown in
Fig. 3 c). This is related to an unusual temperature de-
pendence of the resistance itself that has been observed in
the localised regime of mesoscopic devices [1, 2, 5]: After
an activated part at higher temperature, a strong weak-
ening of the temperature dependence was seen at T <∼ 1 K
(see Fig. 3 a). A possible explanation for this behaviour is
that of a two component transport of the form ρ(T )−1 =
ρ−1b exp(−Eb/kBT ) + ρ−1t exp(−Et/kBT ), with the first
term representing activated hopping across the poten-
tial barriers between electron trap sites and the second
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2term being thermally assisted tunnelling between near-
est neighbour states (see schematic Fig. 3 b). Under the
condition Eb  Et and ρb  ρt, the first term will dom-
inate at higher temperature and the second one at low
temperatures. Indeed, the expression above can be fitted
(solid lines) very well to our data (symbols) as Fig. 3 a)
shows, with ρ−1b exp(−Eb/kBT )  ρ−1t exp(−Et/kBT )
at lowest T . The fitting also reveals Et  kBT in the
whole range of accessible temperature. This means that
Eq. 1 becomes ρB ≈ ρ0 exp(2rij/ξ), which explains the
temperature independence of ρB.
We suggest a transport mechanism mediated by de-
fects such as interstitials or vacancies in an interaction-
induced, disorder-stabilised electron solid as a possible
explanation for the observations described above. It pro-
vides a natural explanation for the observation rij ≈
ree [1, 2], but may also explain the the unusual tem-
perature dependence [5] and the behaviour of RB. In a
picture of hopping between trap sites caused by random
disorder, one would expect Et and Eb to be of the same
order of magnitude. In an electron solid, the trap sites
are formed by the electrons themselves. This allows for
a much greater regularity and explains the smallness of
Et, which would be zero in a perfect electron crystal, but
becomes finite due to the presence of finite disorder.
For the prefactor of the exponential temperature de-
pendence in hopping transport, a value of ≈ h/e2 has
been observed experimentally and interpreted as possible
evidence of an electron-electron interaction mediated en-
ergy transfer mechanism [6, 7, 8]. In our case it may well
be that the hopping is assisted by phonons in the elec-
tron solid itself, rather than in the GaAs crystal. The
universality and quantisation at RB ≈ h/e2 and h/2e2
in absolute resistance could be explained in terms of a
correlated hopping or possibly by a dominance of trans-
port by a one dimensional path with highest conductance
between source and drain, which could be caused by dis-
order or an interaction driven stripe formation in the
2DES [9]. However, details of such mechanisms are not
understood at present.
CONCLUSIONS
We have demonstrated an universal behaviour of hop-
ping conductance in 2DES with the magnetoresistance
prefactor being quantised at the values RB ≈ h/e2 and
h/2e2. Supported by earlier results, the observation has
been interpreted as possible evidence of defect transport
in a pinned electron solid, where the energy transfer is
mediated by lattice vibrations of the electron solid itself.
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3FIG. 1: ρB as a function of ree, showing exponential and saturated behaviour (T=300 mK).
4FIG. 2: a) MR prefactor in terms of absolute resistance device from four different wafers. They all show plateaux at RB ≈ h/e2
and h/2e2.
b) and c) Comparison of ρB and RB for devices with varying dimensions, confirming an universality in resistance rather than
resistivity. Gate voltages have been shifted by a value of VS for better representation (T=300 mK).
5FIG. 3: a) Transition between two regimes of temperature dependence in the resistance of mesoscopic 2DES. b) Schematic of
hopping transport and energy scales involved. c) RB at 0.3 K and 1.2 K for the same device. Results are almost identical for
both temperatures.
